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ABSTRACT 

Over the past several years, sign$cant progress 
has been made in the analysis of safety and 
environmental (%E) issues for  inertial fusion energy 
(IFE). Detailed safety assessments have been 
performed for the baseline power plant concepts, as 
well as for  a conceptual target fabrication facility. 
Safety analysis results are helping to drive the agslda 
for experiments. A survey of the S&E 
characteristics-both radiological and chemical-of 
candidate target materials has been completed. 
Accident initiating events have been identiJied and 
incorporated into master logic diagrams, which will 
be essential to the detailed safety analyses that will be 
needed in thefuture. Studies of aerosol generation and 
transport will have important safety implications. A 
Monte Carlo-based uncertainty analysis procedure har 
been developed for use in neutron activation 
calculations. Finally, waste management issues m 
receiving increased attention and are deserving of 
further discussion. 

I .  SAFETY ASSESSMENTS 

In recent years, safety assessments have been 
completed for the leading IFE power plant designs, as 
well as for the prototypical target fabrication facility. 
Following is a brief summary of the key findings for 
the SOMBRERO and HYLIFE-11 IFE power plant 
designs. For SOMBRERO, a combined loss-of- 
coolant accident (LOCA) with a loss-of-vacuum 
accident (LOVA) scenario was analyzed. For 
HYLIFE-11, two analyses were completed: a 
LOCALOVA scenario as was analyzed for 

SOMBRERO and a loss-of-flow (LOFA) accident in 
conjunction with a LOVA. Finally, a safety 
assessment was completed for a prototypical target 
fabrication facility. The target fabrication effort was 
focused on estimating the tritium inventory and 
conceivable tritium and/or activated target material 
releases. 

The results presented herein assume average 
weather conditions, as directed by the Fusion Safety 
Standards from the Department of Energy (DOE) [l- 
21. Recently, however, DOE has issued guidance that 
directs analyses to consider conservative weather 
conditions for development. of the emergency 
planning zone [3]. Since the desire is to avoid the 
need for a public evacuation plan, one must now 
show that the EFT boundary lies within the power 
plant’s site boundary. Therefore, one must now use 
conservative weather conditions in dose calculations 
for the 1 rem no-evacuation plan requirement. 

In the following results, tritium is the dominant 
contributor to the offlsite dose. Moving from average 
to conservative weather conditions makes 
approximately an order of magnitude difference in the 
tritium site boundary dose. Thus, one can multiply 
these results by ten to get an approximate value for 
the dose under conservative weather conditions. 

A .  SOMBRERO Assessments 

The baseline dry-wall IFE concept is 
SOMBRERO [4]. SOMBRERO, as originally 
envisioned, would use a carbon fiber composite 
(CFC) first wall and blanket. Safety assessments for 



SOMBRERO, with the CHEMCON and 
MELCOR codes, indicated that considerable oxidation 
of the carbon-based structures might occur under loss- 
of-vacuum accident scenarios [S-6]. Since CFCs are 
known to readily absorb tritium under neutron 
irradiation, oxidation of the structures would be a 
mechanism for release of large quantities of tritium 
during an accident. The oxidation rates used in 
CHEMCON, however, were measured under 
conditions dissimilar to those expected in 
SOMBRERO. Since SOMBRERO could take 
advantage of newer CFC technology, an exploratory 
safety test of CFC combustion was performed. 

Idaho National Engineering and Environmental 
Laboratory (INEEL) canied out a chemical reactivity 
test on a state-of-the-art CFC, NB31, a high thermal 
conductivity, three-dimensional composite of carbon 
fibers and impregnated pyrocarbon particles [7]. 
Reaction rates were generated for CFC temperatures 
of 525, 600, 700, 800, 900 and l,OOO°C, all with a 
21v/0 oxygen-argon flow rate of 100 sccm. n e  
resulting reaction rates and activation energy compare 
well with the literature on carbon oxidation and 
burnoff. The experiment data plots clearly show the 
three expected reaction regimes: chemical kinetic 
control, in-pore diffusion of oxygen, and boundary 
layer diffusion. The regimes and reaction rate curve 
are shown in Figure 1. These experiment data focused 
on a lower temperature range than the previous work 
present results were combined with past work to 
develop an integrated oxidation rate equation for each 
reaction regime. 

Figure 1. CFC-air reaction rate curve for INEEL- 
20021, which is an integration of the INEL-1988 and 
INEEL-2002 chemical reactivity data. 

The MELCOR themal-hydraulics computer code 
used the integrated oxidation rate equation to analyze a 

SOMBRERO combined LOFALOVA As Figure 2 
shows, use of the integrated oxidation curve produces 
higher FW temperatures due to CFC-air oxidation 
than were previously predicted. However, after about 
10 hours, the FW CFC temperature falls below 
previous predictions and is considerably lower 
thereafter. The new oxidation curve suggests that the 
LOVA-induced CFC temperature transient is more 
manageable than previously predicted. The above is 
an excellent example of safety analysis and 
experimental work going hand-in-hand to determine 
what issues need to be addressed, addressing those 
issues, and producing a better overall result than what 
was previously available or possible. 
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Figure 2. MELCOR prediction of SOMBRERO FW 
and back wall temperatures during a postulated 
LOVAnOCA using INEL-1988 and INEEL-20021. 

Future work needs to study whether or not a 
relatively mild temperature excursion, without 
significant CFC oxidation, will release much, if any, 
of the tritium trapped in the FWhlanket. The level of 
tritium trapping also needs to be addressed-the recent 
work assumed an inventory of 1 kg of tritium, which 
is released in its more radiotoxic HTO form. Even 
without significant tritium releases, off-site doses 
will be excessive unless the chamber fill 
gas-xenon-is either treated on a continuous basis 
or is replaced with krypton or another less hazardous 
option. If tritium release can be averted, and the 
xenon is either scrubbed or replaced, then the off-site 
dose from a severe LOFALOVA in SOMBRERO 
can be limited to c4 mSv under average weather 
conditions-less than the goal of 10 mSv. 

B. HYLIFE-I1 Assessments 

Safety assessments also have been completed for 
the HYLWE-II thick-liquid power plant design; these 



include both a combined LOFALOVA, as was done 
for SOMBRERO, and a combined LOCNLOVA 
scenario [8-91. As in the SOMBRERO cases, tritium 
is the key safety issue. The earlier work suggests that 
only 140 g of tritium will be trapped in the stainless 
steel structure and piping [IO]. This value has been 
assumed in the recent work, but it needs to be 
reaffirmed. 

Heat transfer calculations, the results of which 
are given in Figure 3, show that the "LIFE-II 
miblanket experience only a mild temperature 
excursion (several degrees) during a LOCA due to a 
relatively low decay heat from the stainless steel-an 
inherent advantage to a thick-liquid protection 
scheme. Still, TMAP (Tritium Migration Analysis 
Program) calculations indicate that any trapped 
tritium would rapidly be released (as HTO) during a 
LOCALOVA [ 111. The off-site dose is dominated by 
the HTO release with stainless steel corrosion 
products and flibe making insignificant contributions 
(-10 pSv in each case). The total site boundary dose 
is 4.6 mSv for the LOCALOVA and 5.0 mSv for 
the loss of flowILOVA scenario. Both assume 
average weather conditions. 
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Figure 3. Shielding provided by the thick-liquid 
protection limits neutron activation to sufficiently 
low levels that the HYLIFE-I1 first wall can passively 
handle its radioactive decay heat, even during a loss- 
of-coolant accident. 

C . Target Fabrication Assessments 

A preliminary assessment has been completed for 
a baseline target fabrication facility [12]. The key 
conclusion, for indirect-drive targets, is the need to 
perform assembly at cryogenic temperatures only after 
the capsules have been filled with DT. Filling targets 
after the capsules have been assembled inside 
hohlraums would lead to tritium inventories (in the 
target fabrication facility) that are 14-32- larger than 
those for cold-assembled targets. Directdrive targets, 
especially those with thin plastic ablators, need to be 
manufactured from materials with a high DT 
solubility to avert an exceedingly large tritium 
inventory [ 131. Recent work demonstrates the 
considerable gains that have been made in this a m  
~ 4 1 .  

The physics of DT combustion in air and the 
hazards associated with the use of high-pressure gas 
are discussed in ref. 15. It is noted that isotopic 
effects are important for hydrogen, and thus, use of 
the protium approximation (as opposed to deuterium 
and tritium) is overly conservative when considering 
D-T deflagration events for large volume rooms. 

D .  Chemical Hazards 

Traditionally, accident assessments have focused 
on estimation of radiological doses to the public due 
to potential releases of activated materials during off- 
normal events. However, the use of toxic (chemically 
hazardous) materials in some conceptual designs 
poses the additional hazard of chemical exposure from 
an accident perspective. Examples include fluorine in 
the case of KrF-driven IFE power plants, and some 
hohlraum material candidates for indirect-drive IFE 
concepts. 

Recently, we performed an assessment of the 
chemical toxicity of mercury and lead as potential 
target materials [16]. Results show that release rates 
of the order of 100 mg/s would reach the maximum 
allowed concentration for public protection at the site 
boundary. Also, a direct comparison between the 
radiological and toxicological hazards of these two 
materials was presented. A new and interesting 
finding was that concentrations that would yield an 
acceptable radiological dose would exceed the 
chemical safety requirements. The results from this 
study demonstrate that chemical hazards must also be 
considered to provide a complete safety assessment for 
fusion power plants. 

11. PROBABILISTIC RISK ASSESSMENT 



I .  

An effort to use Probabilistic Risk Assessment 
(PRA) in IFE safety assessment and design safety 
support has begun. One of the initial PRA steps is to 
define the set of plant off-normal events or accidents 
that will be analyzed. This PRA step is called 
accident-initiating event identification. The initiating 
events (IEs) are the “accident starters” that can result 
in off-site consequences. Completeness at this stage 
is essential; the results of IE identification will affect 
the rest of the PRA. Therefore, analysts use multiple 
means to identify the IEs. A preliminary IE 
identification and compilation task [ 17-18] has been 
performed under the ARIES-IFE program. The E 
identification task has listed potential events for two 
IFE power plant designs, SOMBRERO and HYLlFE- 
11. These two conceptual designs were chosen since 
they represent opposite approaches to IFE power 
plants; SOMBRERO is a dry wall design with direct 
laser drive and HYLIFE-I1 is a wet wall design with 
indirect ion beam drive. Several IE identification 
methods were used, including preliminary hazards 
analysis, historical safety document review, review of 
operating experiences from existing facilities, and a 
master logic diagram of each of the two conceptual 
designs. The results of this task are too lengthy to 
present here. In summary, the two lists of potential 
IEs contain the expected events that challenge most 
types of thermal power plants (e.g., loss of coolant 
accident, loss of heat sink, loss of offsite power, 
etc.). Many of the events are initiators simply due to 
the challenge of the event to safely handle some type 
of energy flow or hazardous material. 

Some general fusion plant potential IEs are loss 
of vacuum accident (LOVA) and blanket fault events. 
Some of the IEs that are unique to fusion andor 
tritium handling are tritium cleanup faults and loss of 
tritium confinement. The SOMBRERO design has 
some design-specific initiators: building breach, 
building gas circulation system breach, and laser 
faults - including loss of KrF lasing gas. HYLIFFL-II 
also has some design-specific events associated with 
the heavy ion beam accelerator, including LOVA in 
the reactor or an ion beam line, ion beam steering 
magnet faults, and dry spot formation in the wet wall 
system. 

A compiled list of preliminary IEs is the initial 
point of IE analysis. These two lists would be  fined 
by more detailed analysis as the two designs mature. 
Further IE analysis steps would be to prioritize the 
preliminary list of initiating events by severity and 
expected offsite consequences. Then each list can be 

reduced to contain only those events that offer unique 
consequences and require individualized analysis. 

1II.AEROSOL GENERATION & 
TRANSPORT 

The explosion of a high-yield target in an 
economically attractive IFE reactor may remove 
material from surrounding walls and/or protective 
surfaces. This material must be recovered or removed 
from the system prior to the next shot. Various 
schemes have been developed to protect internal 
reactor structures- thick liquid walls or large flowing 
sheets, solid walls with a thin, continuously reikshed 
liquid surface, and solid walls protected by heavy gas 
backfilled into the chamber are promising concepts. 
For each of these concepts, intense energy deposition 
on exposed surfaces potentially leads to aerosol 
formation. As evaporated material expands and cools, 
in-flight condensation may occur away from the wall, 
and particulate may be produced at the wall by 
mechanisms such as explosive boiling or melt-layer 
ejection. Aerosols in the post-shot IFE chamber m 
beneficial in that particulate material greatly enhance 
the total surface area available for condensation of 
residual vapor. However, should a significant 
concentration of aerosol remain in  the chamber during 
initiation of the next shot, deleterious effects may be 
encountered as driver beams and the target propagate 
through the chamber. 

To better understand their impact, a series of 
studies has been performed that predicts the behavior 
of aerosol in IFE chamber systems (191. ?he 
underlying mechanisms responsible for aerosol 
formation, growth, and movement that are considered 
in the present model include homogeneous 
nucleation, condensational growth, agglomeration, 
and convective transport. Other mechanisms unique to 
the IFE chamber are being considered for future 
addition to the model. Analysis of dry-wall and 
wetted-wall protection schemes demonstrate that 
aerosol is dispersed throughout a spherical chamber at 
the time of the next shot. For example, a wall 
protected with liquid flibe generates aerosol with an 
average mass concentration of -IO mg/m3 in a 
chamber with a radius of 6.5 m exposed to the energy 
flux from an in-direct drive, 458 MJ target. Figure 3 
shows the resulting aerosol size distribution in the 
central region of the chamber. At 250 ms after the 
shot, the aerosol concentration is -lo9 particles/m’ 
for 1 ym particles. 



coping s this indicate aerosol 
populations may indeed persist in an IFE chamber, 
hence provisions for clearing particulate from the 
chamber should be considered. Further development 
of aerosol models in IFE systems will include 
techniques for evaluation of the effectiveness of 
proposed removal schemes. 
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Figure 3. The particle size distribution of flibe 
droplets changes in time as particles grow due to 
condensation and agglomeration. Particles initially 
form from wall material evaporated by exposure to 
the x-ray and ion flux. 

IV. UNCERTAINTY ANALYSIS 

A Monte Carlo uncertainty analysis procedure for 
activation calculations has been developed based on 
simultaneous random sampling of all the cross 
sections involved in a problem, and it has been 
implemented in the activation code ACAB [20]. 
Using the procedure, it is possible to propagate 
activation cross section uncertainties forward to 
provide uncertainties on the overall radionuclide 
activities and any activity-based radiological results. 
By considering all cross sections simultaneously, it 
is possible to consider multiple reaction pathways, 
which are likely to have different levels of uncertainty 
associated with them but may all make significant 
contributions to the overall result. Ultimately, this 
capability will be used to identify nuclear reactions 
that are both important to the desired results and have 
relatively large uncertainties. It is hoped that this will 
help drive experiments to make a more precise 
determination of key activation cross sections. 

V. WASTE MANAGEMENT 

In much of the previous work (in both magnetic 
and inertial fusion studies), great effort has been 
expended in an attempt to avoid the generation of 
high-level waste. Relatively little effort has gone into 
reduction in the overall waste stream. Clearly, the 
public is able to understand the concept of waste 
volume. It is not clear, however, that the public 
understands about the differences between waste that 
meets Class C requirements versus waste that does 
not meet these requirements [21-221. As a result, the 
choice between generation of small quantities of 
high-level waste versus large quantities of low-level 
waste is a dificult one worthy of community 
discussion and debate. 

Clearly, this discussion must include issues such 
as clearance, recyclingheuse, and disposal. The 
political aspects, however, cannot be ignored. Now is 
the time for the community to engage in such 
discussions. Following are two JFE-specific 
examples of sub-systems that might benefit from 
such a discussion. 

A .  Magnet Shielding 

The shielding and activation of the final focusing 
magnets for many-beam heavy-ion fusion (HIF) 
systems has been studied over the past several years. 
Considerable improvements have been realized as the 
radiation transport models have become more detailed 
and more accurate. The first generation of modem 
shielding designs resulted in magnets that might only 
survive for -1 year and would produce waste that 
would be above Class C. The most recent analyses, 
however, completed for the HIF Robust Point 
Design, indicate that magnet lifetimes in excess of 
the power plant lifetime are possible and that only a 
minor extrapolation will yield magnet designs that 
generate only low-level wastes [23]. 

In order to protect the final focusing magnets, 
inner (and outer) bore shielding of at least 5 cm is 
required. Additionally, the entire magnet array needs 
to be placed within a large shielding structure, and 
large frontal shielding is required. A study to 
determine the minimum system waste is needed. 

B . Target Materials Selection 

We have studied the selection of target materials 
for use in indirectly-driven IFE [ 12, 241. In addition 
to limiting potential off-site doses during an accident, 
it is highly desirable to enable recycling of the target 
material: for a fusion power of 2240 MW and a target 



yield of 350 MJ, the throughput of high-Z target 
could be as high as 120 tondyear (3600 tons over the 
plant lifetime). If target material could be recycled on 
a weekly basis, the mass could be reduced to -2 tons 
over the plant lifetime. 

The main constraints in recycling target materials 
are activation and the resulting dose rates experienced 
by the target fabrication equipment and/or workers. 
Additionally, recycled target materials may eventually 
become activated to the point where they would no 
longer be classified as low-level radioactive waste. Is 
it better to generate large quantities of low-level waste 
or to allow some small quantity of waste that does 
not meet Class C requirements? 

VI.  SUMMARY AND FUTURE WORK 

During the past several years, considerable 
progress has been made in advancing our 
understanding of safety and environmental issues in 
inertial fusion energy. Safety assessments have been 
completed for the leading power plant concepts, as 
well as for a prototypical target fabrication facility. 
Probabilistic risk assessment activities have begun 
with identification of potential accident initiators. 
This will set the stage for more detailed accident 
analyses. Aerosol generation and transport is being 
studied for IFE Aerosols potentially have important 
implications both for accident analysis and baseline 
operations (e.g., chamber clearing and beamline 
contamination). 

Despite the recent progress, there is still much 
work to be done. While safety assessments are 
valuable, they differ from full safety analyses. The 
latter, however, requires both more detail in the 
designs and more data from experiments. This detail 
will be developed over the next few years as the 
designs are updated and, perhaps, a new design study 
is completed. 

Finally, waste management issues are an active 
area of study. The community could benefit from 
more discussions and debate on this topic. A main 
discussion point should be whether or not generation 
of any amount of above Class C waste is tolerable. 

ACKNOWLEDGEMENTS 

Work performed under the auspices of the U. S . 
Department of Energy by University of California 
Lawrence Livermore National Laboratory under 
Contract W-7405-Eng-48. 

REFERENCES 

[l] “Safety of Magnetic Fusion Facilities - 
Requirements,” DOE-STD-6002-96, U. S . 
Department of Energy, Washington, D. C. (1996). 
[2] “Safety of Magnetic Fusion Facilities - 
Guidance,” DOE-STD-6003-96, U. S. Department of 
Energy, Washington, D. C. (1996). 
[3] “Emergency Management Guide, volume 11, 
Hazards Surveys and Hazards Assessments,” 
G 151.1-1, U. S. Department of Energy, 
Washington, D. C. (Aug. 1997) 3-15. 
[4] W. R. Meier et a]., “Osiris and SOMBRERO 
Inertial Confinement Fusion Power Plant Designs,” 
W. J. Schafer Associates, Inc., DOEEW54100-1, 

[5] M. H. O’Brien, B. J. Merrill, and S. N. Ugaki, 
Combustion Testing and Thermal Modeling of 
Proposed CIT Graphite Tile Materials, EGG-FSP- 
8255, Idaho National Engineering Laboratory (1988). 
[6] S. Reyes, J. F. Latkowski, J. Gomez del Rio, 
and J. Sanz, “Accident Consequences Analysis of the 
SOMBRERO Inertial Fusion Energy Power Plant 
Design,” Fusion Technol. 39 (Mar. 2001) 941-945. 
[7] T. D. Marshall et a]., Air Chemical Reactivity 
Measurements of the Carbon Fiber Composite NB31, 
INEELEXT-02-00745, Idaho National Engineering 
and Environmental Laboratory (2002). 
[SI S. Reyes, J. F. Latkowski, J. Gomez del Rio, 
and J. Sanz, “Accident Consequences from a Loss of 
Flow Accident in the HYLIFE-I1 Inertial Fusion 
Energy Power Plant Design,” Fusion Technol. 3 9  
(Mar. 2001) 946-950. 
[9] S. Reyes, J. F. Latkowski, J. Gomez del Rio, 
and J. Sanz, “Accident Consequences Analysis of the 
HYLIFE-I1 Inertial Fusion Energy Power Plant 
Design,” Nucl. Znst. Meth. A. 464 (May 2001) 416- 
421. 
[lo] R. W. Moir, R. L. Bieri, X. M. Chen, T. J. 
Dolan, M. A. Hoffman, P. A. House, R. L. Leber, J. 
D. Lee, Y. T. Lee, Ji C. Liu, G. R. Longhurst, W. 
R. Meier, P. F. Peterson, R. W. Petzoldt, V. E. 
Schrock, M. T. Tobin, W. H. Williams, “HYLIF‘E- 
11: A Molten Salt Inertial Fusion Energy Power Plant 
Design - Final Report,” Fusion Technol., 25 (1994) 

[11]R. Causey and T. Venhaus, personal 
communication (2000). 
[12] J. F. Latkowski, S. Reyes, G. E. Besenbruch, D. 
T. Goodin, “Preliminary Safety Assessment for an 
IFE Target Fabrication Facility,” Fusion Technol. 3 9 

[13]A. Nobile, P. Gobby, A. M. Schwendt, W. P. 
Steckle, J. K. Hoffer, D. T. Goodin, G. E. 

WJSA-92-01 ( I  992). 

5-25. 

(2001) 960-964. 



... . * I  

Besenbruch, and K. R. Schultz, “Concepts for the Technology of Fusion Energy, Washington DC, 

Fusion Technol. 39 (Mar. 2001) 684-691. [24] J. F. Latkowski, J. Sanz, S. Reyes, and J. 
[14] A. M. Schwendt, A. Nobile, P. L. Gobby, W. Gomez del Rio “Selection of IFE Target Materials 
P. Steckle, D. G. Colombant, J. D. Sethian, D. T. from a Safety and Environmental Perspective,” Nuc. 
Goodin, and G. E. Besenbruch, “Tritium Inventory of Inst. Meth. A 464 (2001) 422-427. 
IFE Target Fabrication Facilities: Effect of Foam 
Density and Consideration of Target Yield of Direct 
Drive Targets,” accepted for publication in Fusion 
Sci. Technol. 
[I51 L. C. Cadwallader and D. A. Petti, “Deuterium 
and Tritium Safety Issues in IFE Target Fabrication,” 
Fusion Sci. Technol. 41 (May 2002) 635-641. 
[16] S. Reyes, J. F. Latkowski, L. C. Cadwallader, 
R. W. Moir, J. G6mez del Rio, J. Sanz, “Safety 
Issues of Hg and Pb as IFE Target Materials: 
Radiological Versus Chemical Toxicity,” to be 
presented at 15’ Topical Meeting on the Technology 
of Fusion Energy, Washington DC, Nov. 18-21, 
2002. 
[17]L. C. Cadwallader and J. F. Latkowski, 
“Preliminary Identification of Accident Initiating 
Events for IFJ3 Power Plants,” Proceedings of the 191h 
IEEEDIPSS Symposium on Fusion Engineering, 
Atlantic City, NJ, Jan. 22-25, 2002, IEEE (2002) 
122-125. 
[18] L. C. Cadwallader and J. F. Latkowski, 
Preliminary Identification of Accident Initiating 
Events for Inertial Fusion Energy Power Plant 
Designs, INEEL/EXT-O1-01600, Idaho National 
Engineering and Environmental Laboratory (2002). 
[19] J.P. Sharpe, B.J. Merrill, D.A. Petti, “Aerosol 
Production in IFE Chamber Systems,” to be 
presented at 15” Topical Meeting on the Technology 
of Fusion Energy, Washington DC, Nov. 18-21, 
2002. 
[20] J. Sanz, C. Gonzdez, J. Juan, “Long-lived 
activity of elements: effect of new activation cross- 
sections and their uncertainties on the selection of 
materials for IFE reactors,” J. Nucl. Mater. 258-263 
(1998) 1700. 
[21]D. A. Petti, K. A. McCarthy, N. P. Taylor, C.  
B. A. Forty, R. A. Forrest, “Re-evaluation of the use 
of low activation materials in waste management 
strategies for fusion,” Fusion Eng. Des. 5 1 - 5 2  
(2000) 435-44. 
[22] M. Zucchetti, R. Forrest, C. Forty, W. Gulden, 
P. Rocco, S. Rosanvallon, “Clearance, recycling and 
disposal of fusion activated material,” Fusion Eng. 
Des. 54 (2001) 635-43. 
E231 J. F. Latkowski and W. R. Meier, “Shielding of 
the Final Focusing System in the HIF Point 
Design,” to be presented at 151h Topical Meeting on 

Fabrication of Inertial Fusion Energy Targets,” NOV. 18-21, 2002. 


